Although Climate-smart agriculture (CSA) can offer economic and food security opportunities for women farmers, success in the uptake of these technologies is contested by gendered constraints. Previous studies that use the household head as a unit of analysis to explain adoption patterns do not adequately demonstrate the extent to which women smallholders are restricted by gendered constraints. This study uses 344 women and men survey respondents involved in conservation agriculture (CA) and small-scale irrigation schemes (SSIS) as data sources for examining the effect of gendered constraints for adopting climate-smart agriculture amongst women in three areas in Ethiopia. Qualitative and quantitative data collections were applied using survey, in-depth interviews and focus group discussions. Quantitative data were analyzed using descriptive statistics, Pearson's chi-square test and binary logistic regression using statistical software for the social sciences (SPSS) version 24. Thematic and narrative analysis methods were used to analyze qualitative data. The findings show that women smallholders uptake is affected by limited access to credit, extension, restricted membership in cooperatives and water user associations, lack of access or user rights to land, skill training, information, and restricted mobility. Agricultural development interventions should be implemented by accepting and considering individual farmer's entitlement to development. Expanding off-farm diversification and rural employment opportunities through changing the land tenure system, which is currently state-owned, are essential to enhance women smallholders' access to land and other agricultural inputs. article under the CC BY-NC-ND license. ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) M. Tsige, G. Synnevåg and J.B. Aune / Scientific African 7 (2020) e00250 agriculture (CA) and small-scale irrigation schemes (SSIS) are two different forms of CSA 1 practices [41] used as contextual cases in this study. The fundamental principles of CA include minimum disturbance of the soil or zero tillage (ZT) 2 , maintenance of soil cover with crop residues (mulching), and crop diversification using crop rotation or intercropping between cereals and legumes [22 , 26 , 61] . These CA principles are expected to address food insecurity through building soil quality and making agriculture less vulnerable to climate-change-induced challenges [35] . However, the uptake of CA depends largely on farmers' access to inputs, credit, machinery, and information [28 , 65] . SSIS is another approach to increase production and income which contribute to sustainable livelihoods in sub-Saharan Africa [12 , 30] . However, the success of SSIS is dependent on adequate agricultural inputs and policy support. Inadequate financial resources, lack of knowledge, and lack of operational policy support are reported as factors constraining the success of CSA technologies in eastern Africa [23 , 67] .
Introduction
Climate change conceivably creates food insecurity as rainfall and temperature variability reduces food production [38 , 53 , 66] . Sustainable use of agricultural technologies has been proposed to enhance the food security of smallholders under climate change [6 , 38] . Climate-smart agriculture (CSA) encompasses agricultural technologies that can increase production and income, increase farmers' resilience to climate change, and reduce greenhouse gas emissions [24] . Conservation Several studies have investigated the technical determinants of agricultural technology adoption at the household level in Ethiopia. However, the adopters of agricultural technologies are often perceived to be only men in male-headed households and women in female-headed households [18] . Unlike previous studies that focus on household heads, this study investigated what and how gendered constraints affect women smallholders in male-headed households. Although men and women smallholders are referred to as users of technologies, gendered constraints do not have similar effects on men and women farmers even within the same households. Hence, the main question addressed in this study is: what are the agricultural inputs, institutional-knowledge-and information-related gendered constraints that contest the proper uptake of women smallholders who are currently practicing CA and SSIS technologies? Investigating such gendered constraints is an attempt to contribute to the broader picture of CSA technology uptake among women smallholders in the global south. The article provides information to agricultural development planners, on how, and which gendered constraints limit women smallholders' uptake of agricultural technologies.
Materials and methods
Conceptualizing gendered constraints within the contested agronomy framework "Contested agronomy" is a political agronomy framework that uses a critical analysis approach to assess claims of success in technology adoption, particularly in developing economies [56] . The framework focuses on analyzing success constraints in crop production, including socio-cultural constraints [56] . Constraints to agricultural technology uptake and success can be viewed in two ways: either as embedded within the innovation process (endogenous), or as prerequisite conditions (exogenous) [55] . From this categorization, gendered constraints are prerequisite exogenous contestations affecting women's uptake of agricultural technologies. "Gendered constraints" in this study are constraints that restrict women smallholders' involvement and success in using CSA technologies and are those largely emanated from the socially constructed masculinity and femininity thoughts of societies.
The adoption and success of agricultural technologies in most contexts in the developing world is exceedingly reliant not only on technical aspects but also on social, cultural, institutional and political factors [55] . However, these factors are often excluded from the analysis and discourse on the topic of "limited success" [27] . The lack of gendered access to agricultural inputs and associated labor-related issues are prime contestations of the use of agricultural technologies. Weeding is regarded as the Achilles' heel of CA because ZT may increase weed infestation if insufficient herbicide is used [4] .
Various stakeholders view agricultural technology-related problems from different perspectives, e.g. water engineers from an infrastructure perspective; environmentalists from a conservation perspective; agronomists from a yield maximization and soil management perspective; and economists from optimal economic adaptation. As a result, the social dynamics of using agricultural technologies in African agriculture are often overlooked [57] .
Notably, irrigation technologies seldom address gender inequality, as schemes are designed and implemented by water engineers who tend to focus on technical aspects [50] . Hussain and Hanjra [34] , indicate that excluding the social aspects of irrigation adversely affects the success of SSIS. Agronomic development schemes and policies often claim "participation of the poor" without addressing inequalities within the development process [57] . As a result, simply involving women farmers and other marginalized groups in development schemes do not necessarily lead to the successful uptake of agricultural technologies. Even the use of irrigation schemes may bring negative impacts unless the equality impacts of the use of irrigation by women and the poor are identified and addressed [42] .
Although women users in male-headed households in this study are referred to as "users" of CSA technologies, as they work alongside their husbands, their adaptive capacity, involvement, and decision-making on how to use these technologies are differently affected by gendered contestations. Analysis of context-based, socio-cultural constraints of agricultural technologies is essential to identify and enhance their adoption rate and success. Hence, this study investigates gendered constraints under the contested agronomy framework's quest to expose the multiple dynamics and context-specific, gendered socio-cultural, institutional and economic contestations (exogenous factors) that constrain agronomic success [55 , 57] . Context-specific gendered contestations were investigated with regard to agricultural input, institutional, knowledge and information-related gendered constraints. Investigating these constraints helps to identify and strategize pathways to address barriers to the use of CSA among women smallholders and encourage gender-equality in production growth in smallholder farming households.
Methods
Both qualitative and quantitative data are useful in investigating the gender-related dynamics in agriculture [10] . Hence, a concurrent mixed-method design that combines quantitative and qualitative data [58] , has been applied. The quantitative data through the survey investigated the most significant gendered constraints affecting women users and it compared the situation in which women and men smallholders are differently affected by gendered constraints. In-depth interviews explored women smallholders' experiences regarding how they are affected by gendered constraints in their uptake of CSA technologies. Three (one by study area) Focus Group Discussions (FGDs) 4 were conducted to investigate the cultural constructs of gendered constraints. The qualitative and quantitative data basis were concurrently collected and analyzed.
Description of study sites
Study sites were part of a larger research project known as Research and Capacity Building in Climate-Smart Agriculture in the Horn of Africa, which is a project promoting CSA technologies through research and capacity building activities and this study was part of this research project. Men and women also practice CSA in study areas. The study was conducted at three study sites, namely in the Loca-Abaya, Halaba and Ziway Woredas (a Woreda is an administrative unit that incorporates not less than 30 of the smallest administrative units, known as Kebeles ). The Loca-Abaya Woreda is located in the Southern Nations Nationalities and Peoples Regional State (SNNPR) in Ethiopia. Farmers practice CA for maize and haricot bean crops. The CA practice includes zero tillage, which is practiced after herbicide application, intercropping maize with haricot beans, and using maize residue for mulching. Despite some dropouts, 160 households practiced CA in eight Kebeles. Since 2005, few selected users have been supported by FAO, International Maize and Wheat Improvement Center (CIMMYT), Ethiopia's Agricultural Transformation Agency (ATA), Sustainable Intensification of Maize-Legume Farming Systems for Food Security in Eastern and Southern Africa (SIMILESA) 5 , and other NGOs and the same is true in this study area [17 , 23] . Farmers who did not access support also practiced CA in the scaling-up process.
The second study site was Halaba, which is a Woreda in the SNNPR. The Halaba SSIS is an improved gravity-based scheme, with a constructed diversion weir and a regulating dam weir on the Bilate River. The scheme covers 200 hectares of agricultural land, discharges 2200 cubic meters of water per second during the rainy seasons, and services 275 households. Smallholders produce primarily potatoes and onions. Ziway -the third study site -is located in the Oromia regional state of Ethiopia. Farmers produce primarily onions, tomatoes, green beans, cabbage, pepper, and maize. Water is pumped from Lake Ziway using both group-owned, large water pumps and individually owned small pumps. The scheme covers 203 hectares and services 470 households. All agricultural practices in the study areas can be categorized as a CSA approach, which aims primarily to improve food security and livelihoods since rainfall is scanty in the study areas.
Sampling
Although men smallholder farmers may be constrained by the same or different challenges, previous studies show that gendered input, institutional, information and knowledge-related constraints affect Ethiopian rural women more than men [16 , 20] . As a result, we estimated a higher proportion for women and lesser for men smallholder farmers. We obtained the required sample size using n = (Z α/2 + Z β ) 2 * (p 1 (1-p 1 ) + p 2 (1-p 2 ))/ (p 1 -p 2 ) 2 with 80 % power, meaning there is eighty percent of the probability of rejecting the null hypothesis when the alternative is true. The calculation provides sample variation and the number of samples or required observations per variable was calculated using the G * Power 3.1.9.4 statistical software. Men and women smallholder farmers were selected using a stratified proportional random sampling method (women from male-headed and female-headed houses and men from male-headed households). Fifteen Kebeles were purposefully selected from the three Woredas as they are users of CSA. Farmers were selected from the technology users list in Kebeles with the help of development agents (DAs) 6 . Selected CA users are those who managed to adopt at least two of the CA practices for three consecutive years as two-five cropping seasons or three years of crop rotation often increase soil quality and yields in CA [61 , 62] . SSIS users are consistent users as they have irrigated land within schemes. Accordingly, 223 women users from male-headed households and 92 men users from the same households were selected. Proportional sample sizes were also used to randomly select 107 non-user women from male-headed households and nine from female-headed households from Kebele dwellers list. In total, 460 respondents participated in the survey. Of the 223 randomly selected women users in male-headed households, 23.3 percent were CA users, 36.3 percent were canal-based SSIS users, and 40.4 percent were pump-based SSIS users. Of the 92 men users, 32.6 percent were CA users, 32.6 percent were canal-based SSIS users, and 34.8 percent were pump-based SSIS users. Of the 29 women users in female-headed households, 27.6 percent were CA users, 31 percent were canal-based SSIS users, and 41.4 percent were pump-based SSIS users. The regression analysis involved only CA and SSIS women users from male-headed households and female-headed households, and men users. In total, 252 women users and 92 men users, from all study areas were incorporated as individual participants. Purposeful sample selection was conducted to select 28 women users and 18 DAs for in-depth interviews. Besides, 32 men and women participated in three mixed focus group discussions, one in each study area. Hence, the survey was used to collect quantitative data whereas in-depth interviews and focus group discussions were used to collect qualitative data. Surevy questionnaires and in-depth interviews were interviewer-administered. Data collection was done using Amharic after being translated from English. DAs helped not only in identifying randomized households but also as translators whenever required. The research data in this study was collected from September 2015 to September 2016. Data were collected after informed consent was obtained from all study participants, and the principle of anonymity was applied. All participants in this study were smallholders with less than 2 hectares of land.
Data analysis
Analysis of the quantitative data was done using descriptive statistics, Pearson's chi-square test ( X 2 ) and binary logistic regression analysis using Statistical Packages for the Social Sciences (SPSS) version 24. The logistic model was crafted to investigate which gendered constraint had a greater effect on women users in the process of adopting CSA technologies compared to men. The logit is an estimation method for equations with binary dependent variables, that avoids the unboundedness problem of the linear probability model by using the cumulative logistic distribution function [29] . Let X indicate predictor or independent variables { x 1 , x 2 , x 3 , . . . x k } . Given X , the conditional probability of a success event occurring under a Bernoulli trial is given as:
The logit of Y is predicted from X and logit refers to the probability of the occurrence of gendered constraints with a greater effect on women users compared to men users of the CSA technologies. Men and women are dichotomous dependent variables coded as women (1) men (0). Men and women users responded to questions such as; do you have access to credit? The self-reported responses of women and men were coded as Yes (1) or No (0) that produces dichotomous outcome variables. The analysis enabled the calculation of which gendered constraint or variable had a greater effect on women users versus men. The logistic regression model has a linear form under the logit transformation:
status, x 3 = Access to land, x 4 = Off-farm income, x 5 = Access to credit, x 6 = Access to collateral, x 7 = Access to extension, x 8 = Membership in cooperatives and WUAs x 9 = DAs identify your needs, x 10 = Access to crop residue. Independent variables were selected based on context-based experiences and from available studies. All variables were checked for multicollinearity and the model was fitted using the goodness of fit method where the p-value is expected to be insignificant [33] . Since age and education possess a confounding effect in the model, the crude odds ratios were adjusted for other covariates.
The model coefficients ( β i ) are estimated by the maximum likelihood (ML) 7 method. In the ML estimation method, the likelihood equations are an explicit non-linear function of unknown parameters [29] . ML finds parameters of the model that best describe the data to yield the highest likelihood of explaining the data [2] . ML is specifically used to maximize the likelihood of reproducing the data given the parameter estimates. The logit is the natural logarithm (In) of odds of Y, and the Odds Ratio (OR) refer to ratios of probabilities (n) of Y happening divided by the probabilities of Y not happening [44] . Specifically, the OR can be defined as the following ratio:
The covariates coded as 1 and 0 can be displayed in the 2 × 2 contingency table. Exponentiation of the additive logit model provides a multiplicative model for the odds ratio. The logistic regression model [32] is given by:
Where X β = β 0 + β 1 x 1 + β 2 x 2 + . . . + β k x k can be transformed to give a new interpretation, e refers to the base of the system of natural logarithms. The additive logit model provides a multiplicative model for the OR. The OR in this study are estimators of the extent to which specific gendered constraints affect women users compared to men users, such that it was possible to identify and rank gendered constraints that affect women users of CSA compared to men users. Qualitative data were analyzed using thematic analysis methods, using inductively generated themes after coding and categorizing concepts based on their dimensions [13] . A narrative analysis method was also applied using extracts from the direct responses of participants. Narrative analysis was done when responses were not adequate in explaining the participant's intention or the real context [52] . Variables related to access refers to individuals' ability to benefit from production inputs [51] . "Control" relates to having power over resources, while "ownership" indicates a legal claim and the rights to sell, use and give away resources. The term CSA represents both CA and SSIS in the analysis. Although men farmers were used as a control group, this does not necessarily indicate they are not challenged by constraints of the use of technologies.
The study explicitly applies the feminist research approach whereby women's experiences and their direct voices generate new knowledge that is valuable in addressing women's problems [31 , 49] . Furthermore, gender-based studies should not use the household head as the center of an investigation, as gendered constraints do not affect men and women in the same way within the same household. The rationale behind gender analysis and the collection of gender-disaggregated data in this study is to investigate which constraints have a greater effect on women users and how women and men are affected differently by gendered constraints in the process of adopting CSA technologies. Although women users of CA and SSIS are referred to as "users," as they work alongside their husbands, and so their involvement, adaptive capacity, and decision-making on how to use these technologies differ due to gendered constraints. The major aim of this study was therefore to expose these gendered constraints that affect women's uptake of CSA technologies. The extent to which gendered constraints affect women users in male and female-headed households are compared to three other farmer groups: (i) men users; (ii) women non-users in male-headed households and (iii) women non-users in female-headed households. This was done to show how far women users in male and female-headed households are constrained compared to men users and non-user groups using descriptive and chi-square analysis, which are also prerequisite statistics to the later regression model. Only women and men users were incorporated into the logistic regression model.
Results

Socio-demographic background
The descriptive analysis shows that the majority of women survey respondents were in monogamous marriages (77.1 % for women users, and 74.8 % for women non-users) -Interview results demonstrate that first wives in polygamous marriages have better access to rural institutional services and access to agricultural inputs compared to women in monogamous marriages. This is because husbands often live with younger wives on a separate plot, so first wives are considered as household heads since they farm small plots of land allocated by the husband. Conversely, the presence of men as household heads means that women are not considered as legitimate receivers of rural institutional services. Interview results also show that despite fewer resources, first wives possess better user rights on their small plots compared to women in monogamous marriages.
Most women users of CA and SSIS from male-headed (76.2%) and female-headed households (31%) (those included in the model) were between 19 and 40 years of age -that is the majority were at their productive age. The majority of men CSA users, (46.6%) were between 41-73 years of age ( Table 1 ) . Age is negative in the logistic model exp (-0.51) = 0.59 OR ( Table 2 ). It means that the older the individual is, the lesser constrained they are by other gendered constraints in the model. Hence, men's chance of being constrained by gendered constraints is decreased by 41 % compared to women. Most women users of CA and SSIS from male-headed (82.5%) and female-headed households (96.4%) never attended school. The majority of men CSA users, (58.7 %) attended elementary and above ( Table 1 ) . Education status indicates negative result in the logistic model exp (-2.54) = 0.07 OR ( Table 2 ). The interpretation demonstrates that men who have attended elementary and above have 93% decreased chance of being constrained by gendered constraints compared to women users in the model. Interview findings indicate that a lower education status constrains women's use of herbicides and pesticides as this demands reading skills. Significant at * * * P < 0.001, * * P < 0.01, * P < 0.05.
Gendered constraints related to agricultural resources and inputs
Men CA and SSIS users, and women users in female-headed households have better access or user rights to agricultural land than women users and non-users in male-headed households ( Tables 1 and 2 ). The regression result shows that men have higher odds in accessing agricultural land compared to women, OR = 10.35, 95% CI (1.08 -98.94) ( Table 2 ). In-depth interviews in all study areas revealed that customary laws dictate that land must be transferred from the man's kin. The findings from FGD among gravity-based SSIS users and in-depth interviews with women in the same study context demonstrate that land ownership is different when it comes to widows. If a woman does not have any child from the deceased husband, and if the brother of the deceased is not interested in marrying her, she must leave the land. Most of the women and men are not involved in off-farm income-generating activities ( Tables 1 and 2 ) . In-depth interviews with women CA users indicated that they engage in intermittent petty trading during market days (often twice a week). They buy and sell butter, wheat flour, and small quantities of "women's coffee" (coffee residue that women collect from a coffee tree after men have collected the quality coffee). A small amount of profit from this petty trading helps them to buy sugar, salt, oil, and gas for household consumption, but it is often not enough to buy agricultural inputs.
Access to collateral, which is a precondition to access credit, is lower among women users in male-headed households ( Table 2 ). Access to credit is one of the difficulties faced by women users and non-users -regression result shows that men users have greater odds in accessing credit compared to women OR = 7.33, 95 % CI (2.52 -21.25) ( Table 2 ). FGDs indicated that male-dominated institutions believe that women will fail to pay back loans unless they apply together with their husbands. Recurrent droughts further prevent both men and women smallholders from accessing credit, as they may not be able to pay back the loan in the case of production failure. Excessive interest rate is another constraint that affects farmers' access to credit, which was particularly indicated by FGD discussants among pump-based SSIS users. The lack of access to credit and high prices of herbicides reduce the applicability of ZT; this increases weed infestation, which in turn increases labor demands on women, as weeding is often their productive role (this was indicated by women during in-depth interviews).
DAs indicated that the expense of agricultural inputs forces many farmers to stop practicing CA. Women CA users in female-headed households stated that their farm income is not sufficient even to pay back the fertilizer loans they receive from Kebeles . They reported that expensive inputs sometimes even force them to rent out land to a person who can work on the land using his inputs, taking half the crops after harvest. Both gravity and pump-based SSIS users commented that costly inputs and declining vegetable prices are significant constraints common to all: "Tomato demands three times more pesticide application than onion." A pump-based SSIS user said, "It requires money to buy poles, which is necessary to support the plants. This needs 50 0 0 Ethiopian birr for only 0.25 hectares." Women FGD participants among pump-based SSIS users indicated that improved varieties of onion seed are costly. They sometimes plant only cabbage, as this crop type is accessible -this is particularly common among women in female-headed households.
Recurrent droughts reduce water availability in irrigated areas -and limited control over available water is a problem mainly for women in female-headed households. Control over irrigation water is the same for both men and women users in male-headed households ( Table 1 ) . Nevertheless, in-depth interviews with women users indicated that men and WUA committee members have better control over irrigation water compared to women. FGDs with both gravity and pumpbased SSIS users revealed that the water levels of the river and the lake decrease whenever rainfall decreases. As a result, competition among farmers for water is a common phenomenon during dry seasons. FGD participants spoke of the general decline of water levels in the Bilate River and Lake Ziway, since the capacity is determined by the amount of rainfall. Women indicated increased workloads caused by drought -they are involved in deepening canals for water passage during dry seasons and clearing canals of sediment during rainy seasons. Interviews with women in female-headed households highlighted complaints that they have lost vegetables in many seasons owing to lack of access to water. These women users do not fully access water as power relations between users negatively affect them more so than other groups. A gravity-based SSIS woman user in a female-headed household reflected on the degree to which she is affected by water competition as follows:
"I have 25 hectares within the scheme. However, water competition in the dry season forced me to give away my land to another person. As a woman, nobody listens to me. The man who is sharing the production assists me in providing water to my field."
Large irrigation pumps are group owned, and water committee members are given priority to access irrigation water. Women's use of rights to large pumps is not even considered to be an issue since they are expected to be represented by their husbands. Men are traditionally perceived as sole owners of individually owned small pumps within households.
Limited access to crop residues (an essential input for mulching in CA) is a hindrance for all groups ( Tables 1 and 2 ) . The results of FGDs and individual interviews indicate that crop residues are often used for cattle feed and as a source of heat for cooking. Using straw as mulch increases women's workload, as they then have to look for other sources to make fire. Interview results show that those who do not have two oxen are obliged to rent another ox and those who do not have any oxen are often forced to rent out their irrigated land to a person who demands half of the final harvested produce. The lack of oxen for plowing in SSIS is a common challenge. Interviewees mentioned that men are commonly considered as owners of oxen, and this limits women's decision-making ability in using oxen on SSIS farms. Some CA users indicated that since 2005, CA projects have provided them with inputs such as bean varieties and herbicides. Farmers use the inputs provided, which seems to have contributed to averting risk. However, problems arise regarding access to inputs after the completion of projects. DAs indicated during interviews that many farmers drop out of CA (particularly after project interventions cease) for fear of crop failure due to drought after they have invested in inputs. A woman CA user reflected on how drought affects the success of CA as follows: "The drought of this year reduced the yield in CA plots. Last year we were able to harvest 15 quintals from 0.5 hectares, while this year we got only 9 quintals . " CA adopters indicated, however, that their user status helped them to produce a small amount of maize and haricot beans, whereas non-users did not harvest at all and were forced to sell cattle to support family food demands. It means that CA at least helped farmers to produce for subsistence within the context of a changing climate.
Gendered institutional, knowledge-and information-related constraints
Membership in cooperatives and WUAs was low among women in male-headed households, compared to men users ( Table 2 ). The logistic regression result indicates that men have higher odds regarding membership in cooperatives and WUAs compared to women OR = 4.11, 95 % CI (1.48 -11.42) ( Table 2 ) . Women indicated during interviews that secured land rights and household headship are preconditions for membership in cooperatives, and for individuals to be members of WUAs it is necessary to be registered as owners of land within the irrigated area. Most women in the study areas were members of Idir (petty associations that often engage women in assisting people during mourning). Among pump-based irrigation users, only a considerable number of women in male-headed households' were members in a cooperative. Indepth interviews further revealed that this has occurred because of the policy that no farmer is allowed to own more than 0.5 hectares of irrigated land within the irrigation scheme. As a result, where there are more than 0.5 hectares, a few women in male-headed households get the chance to be registered as owners and become members in their name. FGD findings further demonstrate that gender norms in both irrigated areas restrict women from being committee members in WUAs.
Women users (20.2 %) and non-users (6.5%) in male-headed households have limited access to extension services compared to men (83.7%) ( Table 1 ). Regression results of the relative comparison of men and women users show that men have better odds in accessing extension services compared to women OR = 14.55, 95 % CI (5.54 -38.19) ( Table 2 ) . A DA who was interviewed reflected on who is eligible to access extension services as follows: "I am not required to give extension services to everyone in the house; I am only obliged to provide service to the taxpayer of the land who is usually a man." Women who were interviewed indicated that they sometimes acquire extension information when they overhear conversations between their husbands and the DAs. A woman stated that she cannot participate in these kinds of sessions if the DA arrives before 3 o'clock in the morning owing to household chores. She also said, "DAs neither consider me nor call me to the field." First wives have relatively better access to extension and other institutional services as they live on a separate plot and are considered as household heads. FGDs demonstrated that cultural norms restrain women from communicating with men in the absence of their husbands, which also restricts women from accessing extension services and information. Access to extension services from women DAs is rarely available ( Table 1 ). There are usually three DAs in each Kebele , but across the Kebeles (eight in Locabaya, five in Halaba and five in Ziway) in this study, there were only two women DAs. Interview results show that cultural prohibition prevents women from plowing. Only a few women in female-headed households are involved in plowing on SSIS farms.
Women users and non-users in male-headed households hardly travel for skills training sessions. The in-depth interviews revealed that very few women pump-based SSIS users access training provided by local non-governmental organizations. In FGDs, men users of gravity-based SSIS stated that over 11 years they have participated in a minimum of six training sessions that required travel. Those who access training that requires traveling include first wives in polygamous marriages (living on separate plots), women in female-headed households, women who have at least grade six education, and male committee members. Apart from a few women in female-headed households, women CA users do not apply herbicides and pesticides among SSIS users due to a lack of knowledge on how to implement these inputs. The lack of knowledge to determine the amount and the skills to apply these inputs are major problems. It has been identified that women have restricted access to information on the risk and profitability of agricultural technologies ( Table 1 ) . A woman user of gravity-based SSIS said that she wants to grow carrots instead of potato, as carrots are perceived to yield higher profits. A woman CA user said, "Producing khat [herbal stimulant] is very rewarding as it gives three harvests per year. Once planted one can collect without putting too much labor in it." Both men and women CA users are more inclined to produce khat than cereals.
Identifying farmers as model farmers may encourage them to adopt agricultural technologies. A difference has not been, however, indicated in the regression results regarding whether women or men observed women model farmers in their vicinity that confirms women are not often identified as model farmers. The FGDs confirmed a similar finding. A wife of a model farmer stated, "Even though we worked together, my husband was recognized as the model farmer . " Women in maleheaded households, in particular, have restricted mobility, which inhibits their access to information ( Table 1 ) . Men have better mobility and knowledge of CSA compared to women ( Table 1 ). The in-depth interviews demonstrated that women in all study areas have limited leisure time and are often not considered as owners of the radio within the household. Most women users and non-users do not have direct contact with input suppliers from Woredas and Kebeles as husbands are considered as the right input collectors and this constrains women users' ability to identify their input needs.
Discussion
The investigation demonstrates what has been conceptualized in the contested agronomy framework, namely that agronomic development schemes often claim "participation of the poor" without actually addressing inequalities within the process and among scheme users [57] . This study shows that different marriage systems affect women's access to agricultural inputs and rural institutional services. Women in monogamous marriage possess limited access and decision-making rights over agricultural inputs and land as they work under the supervision of their husband, who is acknowledged as the household head. First wives in polygamous marriages have better access and use rights over land and other agricultural inputs, as they often live separately on a small plot of land assigned by the husband, and are considered as household heads. This and another study demonstrated that limited access to education affects women's uptake of agricultural technologies as the proper application of herbicides and pesticides demand writing and reading skills [64] . Although it is a household head analysis, Teklewold et al. [59] also confirm that education status determines the adoption level of sustainable agricultural practices in rural Ethiopia.
Women smallholders' user rights or access to agricultural land is low compared to that of men. This is in line with earlier research that identified intra-household inequality in accessing or using agricultural land in Ethiopia [21 , 63] _ENREF_17. Gender inequality restricts women's decision-making ability on how to use land for CA and SSIS in this study. In-depth interview findings with DAs and women smallholders in this study demonstrate that input expensiveness or lack of access to external inputs is a common constraint for both men and women that force them to drop out CA practices in the context of CA user study area. Giller et al. [28] , similarly state that limited access to external inputs is constraining the success of CA. This is also a confirmation to what has been stated in Knowler and Bradshaw [36] , that success in CA differs from context to context and is determined by the particular condition of the locales and individual farmers.
Off-farm income does not contribute to CA and SSIS uptake among men and women smallholders, as the expansion of off-farm activities is restricted. Access to collateral, which is required for accessing credit, is limited for both men and women users but is more inaccessible for women in male-headed households, as women are culturally prohibited from inheriting land and are not customarily accepted as landowners. Although land is currently controlled by the state in Ethiopia, men can at least, use land as collateral in accessing a fixed amount of agricultural inputs as credit from rural institutions. However, smallholders, in general, cannot use land as collateral in its real sense; for instance, they cannot use it to access credit from financial institutions or individuals. They only access a small and predetermined amount of credit from public microfinance rural institutions. It means that farmers cannot access the amount of credit they need for the proper use of CSA and a viable increase in production. Farmers' inability to use land as collateral and absence of off-farm diversification in study areas are linked to the state-controlled land tenure system. This situation further limits women smallholders' opportunities to be involved in off-farm activities and employment opportunities, vital to buying agricultural inputs for the proper use of CSA technologies.
Women SSIS users in female-headed households encounter problems during dry seasons in accessing water due to water competition and unequal power relations between users. Together with expensive inputs, this often forces them to rent out land to another person who can provide the necessary resources. Women in male-headed households are not accepted as owners of pumps, thus this study found that irrigated water is more accessible by men household heads, committee members, and those managing the maintenance of canals. These findings show that the use of irrigation may cause negative impacts on women and the poor if the equality impacts are not investigated and adequately addressed. Neglecting the equality impacts of irrigation schemes further contests the success of SSIS which is indicated in the contested agronomy framework [42 , 57] .
Limited access to crop residues is a common constraint indicated as a barrier to adopting CA among African smallholders [28] . This study found the same, as farmers use crop residue for animal feed and a source of energy. Further, the use of crop residues as mulch increases the work burden on women, as they are responsible for collecting other sources of fuel, such as firewood. A study based on a review of literature and field experiences in Zambia and Mexico similarly indicates that CA increases women's workload as they have to look for alternative sources of energy [11] . Regarding ZT in particular, the lack of herbicides increases weed infestation and thus the labor demand on women, since they are responsible for weeding and have to do weeding manually. This problem is also specified in the contested agronomy framework [4 , 59] .
Women's restricted membership in cooperatives constrains their ability to engage in CA and to use improved seed varieties in SSIS. Planel [46] states that cooperatives facilitate access to markets and seed varieties, as identified by local needs in Ethiopia. However, prerequisites for becoming a member of cooperatives and WUA include secured land rights and household headship, a finding similar to those in a review of studies in sub-Saharan Africa by Quisumbing and Pandolfelli [47] . This study found that in both irrigated areas, there are no women committee members in WUAs. Quisumbing and Pandolfelli [47] , similarly show that gender norms prohibit women's membership in WUAs.
Women in male-headed households have limited access to extension services. Customary law accepts that men are the main "owners" of land. This indirectly limits women's access to extension services as DAs anticipate providing extension services and information to the "owner" of the land. The finding that DAs provide agricultural extension only to men household heads is in line with the study by Buchy and Basaznew [14] . The same authors also found that cultural factors restrict men DAs from delivering extension services to women which is also confirmed in this study. Men household heads with better education status have more access to skills training on the use of technologies, compared to women. This study found similar results with other studies that women smallholders have limited access to extension, credit and skills training, all of which constrain their uptake of agricultural technologies [16 , 48] .
Model or "lead" farmers in Ethiopia are those who are active in local politics and as a result, they enjoy relatively better support from local rural institutions [37] . However, in an empowerment assessment study, Alsop and Heinsohn [3] found that it is less likely for rural Ethiopian women to be active in public life and politics. This study found that the number of women model farmers was restricted in the study areas. This trend demonstrates how the mainstream rural institutional structure works based on the patriarchal norm that assigns men as proper farmers [9 , 16 , 39] . Women are affected by knowledge related gendered constraints that can limit their uptake of CSA technologies. A study conducted by Aregu et al. [5] in ten Woredas in four regions in Ethiopia, similarly indicates that lack of knowledge and information is one of the gendered constraints in adopting agricultural technologies.
Conclusions and policy implications
In this empirical study, the gendered constraints that have a greater effect on women smallholders' uptake of CSA have been investigated. Lack of access to credit, extension services, land, skills training, information on CSA, limited membership in cooperatives and WUAs and limited mobility were identified as significant gendered constraints with a greater effect on women smallholders' use of CSA (CA and SSIS) compared to men users. This study recommends that the agricultural extension system needs to be redesigned to better serve the needs of women smallholders. Facilitating women-only credit schemes and linking the service to their use of agricultural technologies is another important recommendation. Rural cooperatives and WUAs should not consider women as being "represented" by their husbands. Cooperatives should directly involve women in male-headed households as input buyers so that they can identify their input needs.
Limited access to land has a negative impact on women farmers' uptake of CSA technologies, as customary laws deny them user rights and inheritance of farmland. Although legal documents allow women to access or use agricultural land, they do not enjoy recognition in practice. Changing customary laws would require the engagement of rural, regional and national organizations. Stakeholders such as rural institutions and NGOs should advocate and take measures to change the inequality embedded in the norms of the society and accept and take into consideration that joint farm administration does not necessarily imply equal use rights within the household. Agricultural development should be viewed and implemented from the point of view of individual farmer's entitlement or rights to development by rural institutions and agricultural interventions. Such a framework could serve as a guideline to improving women's land use rights, access to credit and extension, membership in cooperatives and WUAs, access to skills training and information related to the use of agricultural technologies. Changing state-owned land tenure laws could be a key instrument in improving off-farm diversification and employment opportunities that are useful and could provide women with the opportunity of access to agricultural inputs. Linking the use of agricultural technologies with urban investments and making women beneficiaries in the process could provide women with the opportunity to develop assets required to access agricultural inputs. Gender inequalities among farmers should be identified and addressed by responsible rural agricultural institutions and those managing irrigation schemes and CA interventions. The important message from this study for development interventions and institutions working on agronomic development (those promoting CA and SSIS, or other CSA technologies) is, success in the use of agricultural technologies for improved food security and livelihoods in developing economies depends not only on agronomic performance but also on eliminating the gendered constraints of the use of agricultural technologies.
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